Metformin suppresses growth and adrenocorticotrophic hormone secretion in mouse pituitary corticotroph tumor AtT20 cells.
Pituitary corticotroph tumors lead to excess adrenocorticotrophic hormone (ACTH) secretion, resulting in Cushing's disease (CD), which is associated with significant mortality. Standard treatments include neurosurgery, radiotherapy and medical therapy. Both surgery and radiotherapy have undesirable complications and high recurrence rates. At present, there is only one medical option available that targets pituitary adenoma and ACTH secretion, the drug pasireotide. However, hyperglycemia is common during pasireotide treatment. In addition, some patients have discontinued pasireotide treatment because of hyperglycemia-related adverse events or uncontrolled diabetes. New medical treatments directly targeting the corticotroph cells and suppressing ACTH secretion are urgently required. Metformin is a commonly used antidiabetic drug that has been widely used to control the hyperglycemia that occurs in patients with CD, which is secondary to both cortisol excess and pasireotide treatment. Recent studies suggest that metformin has direct anticancer activities against many tumor cell lines. In the present study, we investigated whether metformin exerts an anti-tumor effect by directly targeting pituitary corticotroph tumors and exploring the underlying mechanisms. Using the mouse corticotroph tumor cells, AtT20 cells, we report that metformin inhibited cell proliferation, promoted cell apoptosis and decreased ACTH secretion but did not block the cell cycle in cells. The apoptosis induced by metformin was accompanied by increased caspase-3 activity. Meanwhile, metformin down-regulated the anti-apoptotic protein B cell lymphoma 2 (Bcl-2) but up-regulated the pro-apoptotic protein Bcl2-associated X (BAX), which suggests the involvement of the mitochondrial-mediated apoptosis pathway. Furthermore, metformin promoted AMP-activated protein kinase (AMPK) phosphorylation but inhibited insulin-like growth factor-1 receptor (IGF-1R) expression, protein kinase B (PKB/AKT) phosphorylation and mammalian target of rapamycin (mTOR) phosphorylation. Finally, the IGF-1R inhibitor picropodophyllin (PPP) significantly inhibited the cell proliferation of AtT20 cells. We conclude that metformin inhibits cell proliferation and induces apoptosis in AtT20 cells by activating AMPK/mTOR and inhibiting IGF-1R/AKT/mTOR signaling pathways. Metformin may have direct antitumor activity against pituitary corticotroph tumors.